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interactions. For example, the polymer 
molecules may be arranged in a non-aligned, 
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example, at an oblique angle), stabilized by 
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physical interactions. Within the aggregate, 
electronic interactions along the polymer 
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in the absorption spectra relative to a random 
dispersion. Light emitted from the aggregate 
may be polarized in some cases, for example, 
linearly or circularly, which may be caused 
by chiral arrangements of polymers within 
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enantiomeric detectors, electrochemical devices, 
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EMISSIVE, HIGH CHARGE TRANSPORT POLYMERS 
BACKGROUND 

Field of the Invention 

This invention generally relates to emissive polymers and, in particular, to emissive 
aggregates of polymers. 

Description of the Related Art 

Transport properties are important performance determinants of electronic materials 
in most applications. Strong, extended electronic interactions can be critical to obtaining 
molecules and polymers with high charge carrier mobility. Strong electronic coupling is also 
a major contributor to intermolecular and intramolecular exciton transport in some 
conjugated polymers. Thus, producing extended electronic interactions both within and 
between electronic polymers can be critical to optimizing the transport of charge and excitons 
that underpins applications such as transistors, electroluminescent devices, sensors, 
photovoltaics, and the like. However, in devices requiring luminescence or exciton transport, 
some studies have generally avoided strong interpolymer electronic coupling. The degree of 
self-quenching that accompanies these interactions lowers the light output of the luminescent 
devices and may also lower the diffusion length of excitons, which may reduce responses. 
As a result, most studies have used larger structures such as dendrimers or smaller rigid 
scaffolds to prevent interchain interactions. Thus, the general principles for maintaining high 
emission quantum yields in electronic polymers ("emissivity") have been opposed to those 
for the optimization of charge and exciton transport ("conductivity 55 ) in polymer 
aggregations. 

SUMMARY OF THE INVENTION 

This invention generally relates to emissive aggregates of polymers. The subject 
matter of this application involves, in some cases, interrelate^ products, alternative solutions 
to a particular problem, and/or a plurality of different uses of a single system or article. 

In one aspect, the invention provides an aggregate composition. The aggregate 
comprises a plurality of polymer molecules, each polymer molecule, prior to aggregation, 
comprising at least 7 monomer units or having a molecular weight of at least 7000 g/mol, 
having a fluorescence quantum yield of at least 2%, being electrically conductive or 
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semiconductive, and having electrical properties such that electronic interactions extend at 
least 2 monomer units from their source such that a spectral comparison of one of the 
monomer units to the polymer molecule comprising such unit demonstrates a change in gap 
between the highest filled molecular or electronic orbital and the lowest unfilled molecular or 
electronic orbital of the monomer unit versus the polymer molecule of at least 0.1 eV. The 
aggregate comprises the plurality of polymer molecules arranged in a non-aligned, 
electronically-communicative manner providing a fluorescence quantum yield for the 
aggregate at least 0.05 times that of the individual quantum yields of the polymer molecules, 
an absorption spectrum having a unique, red-shifted absorption relative to an absorption 
spectrum of a random dispersion of the polymer molecules, and being stable in the absence of 
solvent for at least one minute in air at no less than 50 degrees Celsius, as indicated by a 
change in quantum yield of no greater than 5% and a change in wavelength of the unique 
absorption of no more than 5%. 

In another aspect, the invention is directed to a method of making any of the 
embodiments described herein. In yet another aspect, the invention is directed to a method of 
using any of the embodiments described herein. 

Other advantages, novel features, and objects of the invention will become apparent 
from the following detailed description of non-limiting embodiments of the invention when 
considered in conjunction with the accompanying drawings, which are schematic and which 
are not intended to be drawn to scale. In the figures, each identical or nearly identical 
component that is illustrated in various figures typically is represented by a single numeral. 
For purposes of clarity, not every component is labeled in every figure, nor is every 
component of each embodiment of the invention shown where illustration is not necessary to 
allow those of ordinary skill in the art to understand the invention. In cases where the present 
specification and a document incorporated by reference include conflicting disclosure, the 
present specification shall control. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Non-limiting embodiments of the present invention will be described by way of 

example with reference to the accompanying drawings in which: 

Fig. 1A - Fig. IF are plots that illustrate circular dichroism (Figs. 1A and IB), 

absorption (Figs. 1C and ID), and fluorescent spectra (Figs. IE and IF) of an unstable 

polymer; 
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Fig. 2A - Fig. 2F are schematic diagrams of various stages of aggregation and 
chirality; 

Fig. 3A - Fig. F are plots that illustrate circular dichroism (Figs. 3A and 3B), 
absorption (Figs. 3C and 3D) and fluorescent spectra (Figs. 3E and 3F) of a polymer 
according to an embodiment of the invention; 

Fig. 4 A - Fig. 4B are plots of data from Stern- Volmer experiments performed for a 
polymer according to an embodiment of the invention; 

Fig. 5 is a fluorescent spectra of a chiral polymer according to an embodiment of the 
invention; 

Fig. 6 is a schematic diagram illustrating various polymers used in the context of 
certain embodiments of the invention; 

Fig. 7 shows various polymers used in the context of certain embodiments of the 
invention; 

Fig. 8A - Fig. 8B are schematic illustrations of configurational chirality; 

Fig. 9A - Fig. 9B illustrate certain molecules in reference to certain shape-persistent 
molecules according to certain embodiments of the invention; 

Fig. lOA-Fig. 10C illustrate certain exemplary molecules of certain embodiments of 
the invention; 

Fig. 1 1 A - Fig. 1 IB are schematic diagrams illustrating the aggregation behavior of a 
specific polymer molecule; and 

Fig. 12 illustrates certain exemplary molecules of certain embodiments of the 
invention. 

DETAILED DESCRIPTION 

The present invention generally relates to stable emissive aggregates of polymers. 
The aggregates can be composed of various polymer molecules arranged in such a way as to 
allow extended electronic couplings between nearby polymer molecules, enhancing exciton 
transport, while minimizing the effects of quenching due to interchain interactions. For 
example, the polymer molecules may be arranged in a non-aligned, electronically- 
communicative manner (for example, at an oblique angle), stabilized by various methods 
such as chemical linkages or physical interactions. Within the aggregate, electronic 
interactions along the polymer molecule may extend to nearby polymer molecules, which 
may be observed as a shift in the absorption spectra relative to a random dispersion. Light 
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emitted from the aggregate may be polarized in some cases, for example, linearly or 
circularly, which may be caused by chiral arrangements of polymers within the aggregate (the 
polymers themselves may or may not be Ghiral). These aggregates can find widespread use, 
for example, in enantiomeric detectors, electrochemical devices, photodetectors, organic 
diodes, sensors, light sources, or photovoltaic devices. 

An "exciton," as used herein, is an energetically-excited state which gives changes in 
the degree of bonding in the polymer over finite dimensions resulting from the absorption of 
a quantum or unit of energy (for example, an incident photon), from the combination of two 
charge carriers of opposite charge (for example from condensation of a cation-radical and an 
anion-radical), or from a reaction with a high energy molecule (for example 
chemiluminescence) This excited state may be electronically delocalized over one or more 
polymer chains. In one embodiment, the exciton may be used to produce charged carriers; in 
other embodiments, however, the exciton comprises an high-energy state electron or a pair of 
electrons that may, for example, exhibit coupled movement. In some cases, the exciton may 
be transported along a polymer molecule or between polymer molecules before being 
released, or absorbed as heat. Energy (for example, an incident photon), interacting with a 
polymer molecule may be absorbed by an electron of an atom within the molecule, allowing 
the electron to go from a lower energy state into an "excited" or higher energy state, creating 
an "exciton" within the molecule. The site within the molecule where energy is absorbed to 
form the exciton may be referred to as the activation site. One form of energy excitation is 
by the interaction of the polymer molecule with an incident photon corresponding to visible 
light, ultraviolet light, or other electromagnetic frequencies. However, other methods of 
excitation are also possible, for example, through incident electrons, electrical current, 
friction, heat, chemical or biological reactions, the influence of sound waves, etc.. Exciton 
transport may be facilitated by electronic interactions within the polymer molecule 
("intrachain"), such as with conjugated groups, for example, extending at least 2 monomer 
units from the source or activation site. Energy transport may also be facilitated by electronic 
interactions between different polymer molecules ("interchain"). 

A principal relevant to several aspects of the invention may be understood with 
reference to Fig. 2. Fig. 2A illustrates randomly oriented polymer molecules (for example, as 
in a solution or a dispersion). Although substantial intrachain exciton transport may occur 
(i.e., within a single polymer molecule), due to the spacing and orientation of the polymer 
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molecules, substantial interchain exciton transport (i.e., between individual polymer 
molecules) is unable to occur. 

In contrast, in Fig. 2C, the polymer molecules are aligned, for example, as in a crystal 
or a thin film. Although there may be strong intermolecular electronic coupling between 
nearby polymer molecules, resulting in high conductivities, quenching between nearby 
molecules may reduce the emissivity and also exciton transport.. 

An intermediate configuration, representing one aspect of the invention, is illustrated 
in Fig. 2B. In this configuration, the polymer molecules are close enough to allow interchain 
electronic interactions between nearby polymer molecules, while remaining non-aligned, 
reducing the effects of quenching due to interchain interactions, for example, due to pi- 
stacking. As used herein, two molecules that are "non-aligned" are positioned non-parallel to 
each other, for example, one molecule may be at an angle relative to the other (e.g., at an 
angle substantially greater than about 5 or 10 degrees, including perpendicular and 
antiparallel orientations), or are longitudinally translated relative to the other to the extent that 
quenching is substantially suppressed. This configuration may be stably formed by any 
suitable technique, for example, through chemical interactions between the polymer 
molecules, or through steric or other physical interactions between the polymer molecules. In 
this configuration, excitons may be transmitted through intrachain pathways within a single 
polymer molecule, through interchain pathways between different polymer molecules, or 
combinations of interchain and intrachain pathways. 

In one set of embodiments, the exciton can be released as fluorescence. The 
fluorescence can be "quenched" when a chromophore in an excited state (i.e., one that 
contains an exciton) is exposed to an "acceptor" species that can absorb energy from the 
excited state chromophore. The excited acceptor may then fluoresce. A "chromophore" 
refers to a species that can either absorb or emit electromagnetic radiation, and may be 
located anywhere within the polymer molecule, for example, within the backbone (i.e., the 
longest continuous bond pathway of the polymer), as a pendent group, as a chromophore 
monomer unit, or interspersed between other conjugated groups (in particular, if the 
chromomore itself may participate in conjugation). In one embodiment, the chromophore is 
capable of absorbing or emitting radiation having ultraviolet or visible frequencies, i.e. 
absorbed or emitted energy involving excited electronic states. In one embodiment, the 
chromophore is a conjugated group. A "conjugated group" refers to an interconnected chain 
of at least three atoms, each atom participating in delocalized pi-bonding. In another 
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embodiment, the chromophore is chiral. The excited state chromophore returns to a ground 
state due to nonradiative processes (i.e. without emitting radiation), resulting in a reduced 
quantum yield. "Quantum yield" refers to a number of photons emitted per adsorbed photon. 
Thus, the excited state chromophore can function as a "donor" species in that it transfers 
energy to the acceptor species. The acceptor species can be an external molecule such as 
another polymer or an internal species such as another portion of the same polymer. In 
particular, certain polymer molecules can undergo a phenomena known as "pi-stacking," 
which involves conjugated interactions between the pi-orbitals of nearby polymer molecules. 
A pi-stacking arrangement can facilitate energy transfer between donor and acceptor species 
and increase the likelihood of quenching. The capability for pi-stacking may be considerably 
enhanced when the polymer is in the solid state, i.e. not in solution. 

In one embodiment, the polymer has at least one conjugated portion. In such an 
arrangement, electron density or electronic charge may be conducted along the portion where 
the electronic charge is referred to as being "delocalized." Each p-orbital participating in 
conjugation can have sufficient overlap with adjacent conjugated p-orbitals. In one 
embodiment, the conjugated portion is at least about 3 nm in length. In another embodiment, 
substantially the entire backbone is conjugated and the polymer is referred to as a 
"conjugated polymer." Polymers having a conjugated pi-backbone capable of conducting 
electronic charge are typically referred to as "conducting polymers," and may show enhanced 
conductivity relative to non-conjugated polymers. Typically, atoms directly participating in 
the conjugation form a plane, the plane arising from a preferred arrangement of the p-orbitals 
to maximize p-orbital overlap, thus maximizing conjugation and electronic conduction. An 
example of a conjugated pi-backbone defining essentially a plane of atoms are the carbon 
atoms of a polyacetylene chain. In certain embodiments, the electron derealization may also 
extend to adjacent polymer molecules, such as between two chromophores. 

In a delocalized structure, the electrons in the p-orbitals forming the pi bond may 
cover multiple atom centers, which are said to be in "pi-communication" or "pi-electron 
communication." As used herein, "pi-orbitals," "pi structures " "pi-backbone," and the like 
are given their ordinary definitions as is understood in chemistry, where the electrons in 
orbitals between adjacent atoms are shared, creating a chemical bond between the adjacent 
atoms. Similarly, "pi-stacking" or "intermolecular pi-pi interactions" generally refers to 
structures in which the pi-orbitals of nearby molecules are adjacent, overlapping, or otherwise 
affect each others' properties, for example, by changing the rate of the release of photons by 
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excitons or by introducing other mechanisms by which excitons release energy in the form of 
heat. 

Derealization and/or conjugation may be observed in a wide variety of structures, for 
example, but not limited to, double bonds, triple bonds, benzene rings, naphthalene rings, 
anthracene rings, pyridines, porphyrins, thiophenes, bipyridines, phenanthrolenes, carbazoles, 
and the like. Other aromatic systems having similar arrangements of atoms to produce 
delocalized pi-bonds can also be useful in the invention, as well as moieties containing 
delocalized pi structures having additional substituents, such as oxygen, sulfur, nitrogen, a 
halogen, or the like. For example, nitrogen atoms may be substituted for carbon atoms within 
a delocalized pi structure, such as in pyridines and similar compounds. 

An exciton may be transmitted along the energy migration pathway of the polymer by 
intrachain transfer, for example, along a pi backbone due to the presence of delocalized pi- 
orbitals. The pi backbone, or other analogous structures, that are able to transmit the exciton 
may also be referred to as "energy migration pathways." In some cases, the pi backbone 
amplifies the effect of the absorbed energy quanta. The exciton may also be transmitted 
between different molecules, by interchain transfer. This transmission may occur by any 
means, for example, transmission through the release of a photon from one molecule and the 
absorbance of that photon by another molecule or the same molecule, transmission through 
the transfer of kinetic energy, transmission due to the overlap of pi-orbitals between the . 
different molecules commonly called Dexter or resonant energy transfer mechanisms, or 
longer range energy transport through a dipolar mechanism called FGrster energy transfer. 
Pi-backbone structures may be used, for example in solutions or in thin films, to amplify the 
sensitivity of the polymer to external compounds. 

In one set of embodiments, the polymer molecules of an aggregate composition may 
be arranged in an electronically-communicative manner, such that excitons may be 
delocalized over more than one polymer in such a way as to enhance interchain pathways, for 
example, without excessive quenching from an activation site to an emission site. In one 
embodiment, the polymer molecules are arranged in an electronically-communicative manner 
providing a fluorescence quantum yield for the aggregate at least 0.05 times that of the 
individual quantum yields of the polymer molecules, preferably at least 0.30 times that of that 
of the individual quantum yields of the polymer molecules, more preferably at least 0.45 
times that of the individual quantum yields of the polymer molecules, still more preferably at 
least 0.60 times that of the individual quantum yields of the polymer molecules, and still 
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more preferably at least 0.75 times or higher than that of the individual quantum yields of the 
polymer molecules. In some embodiments, the polymer molecules may have fluorescence 
quantum yields of at least 1%, preferably at least 2%, more preferably at least 3%, and more 
preferably still at least 5%, 10%, 20%, 25% or more. 

The polymers of the invention may be aggregated into a formation that allows the 
polymers to remain fluorescent and conductive. Aggregation may increase the electronic 
interactions between nearby polymer molecules, which may result in a decrease in the 
quantum yield, or a red shift in the absorption spectrum (for example, as quantified in an 
absorption maximum). In one embodiment, the aggregate composition may have an 
absorption spectrum having a unique, red-shifted absorption relative to an absorption 
spectrum of a random dispersion of the polymer molecules. In another embodiment, the 
aggregate composition may have a fluorescence quantum yield at least 0.02 times, 0.05 times, 
0.1 times, 0.2 times, 0.3 times, or higher than that of the individual quantum yields of the 
polymer molecules. 

In one set of embodiments, two or more non-aligned polymer molecules within the 
aggregate are oriented at an angle to each other, for example, as illustrated in Fig. 8. Two or 
more molecules oriented in this fashion may exhibit "configurational chirality," as illustrated 
in Fig. 8a and 8b, although the molecules themselves may be chiral or nonchiral. For 
example, the molecules may be orientated at any non-zero angle relative to each other, for 
example, at angle of 10 degrees, 15 degrees, 45 degrees, 60 degrees, or 80 degrees relative to 
each other. Other intermediate angles are also possible. The resultant aggregation, as a 
whole, is chiral in that it can not be superimposed on its mirror image. Thus, "chirality," as 
used herein, refers not only to an asymmetric molecule (as the term is most commonly used 
in the field of chemistry), but also refers to the chirality of an aggregation of molecules. 
Where the concepts are to be distinguished, the terms "molecular chirality" and 
"configurational chirality" are used to distinguish chiral molecules from chiral assemblies of 
molecules, respectively. Thus, in one embodiment, the invention involves molecularly chiral 
molecules, arranged within an aggregation that may be configurationally chiral or nonchiral; 
in another embodiment, the invention involves nonchiral molecules arranged in a 
configurationally chiral aggregation. 

Certain embodiments of the invention include chiral aggregations of molecules (i.e., 
an aggregation exhibiting molecular chirality, configurational chirality, or both forms of 
chirality). For example, in a series of non-aligned polymer molecules, each oriented at fixed 
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angles relative to each other as shown in Fig. 2B, the series of polymer molecules may 
exhibit a helical structure or a helical grid structure. For example, in one particular 
embodiment, a series of molecules, each oriented at the same angle relative to adjacent 
molecules, may have a chiral structure or a "twist 5 * in the orientation. Although the 
molecules themselves may or may not be chiral, the resulting structure may exhibit 
configurational chirality, for example, as a left-handed or a right-handed spiral or matrix (see, 
for example, Fig. 1 IB). Of course, in other embodiments of the invention, the non-aligned 
polymer molecules might not be oriented at fixed angles relative to each other, but might 
exhibit a range of different angles, such that the molecules are substantially non-aligned (of 
course, in a sufficiently large aggregation of molecules, a small percentage of molecules will 
be aligned due to chance). In certain embodiments, the chiral aggregate may produce 
polarized light, which may be used, for example, to enhance brightness in a liquid crystal 
display. The light may in some cases be polarized, for example, linearly or circularly 
polarized. 

The polymer molecules within the aggregation may be stabilized, in accordance with 
the invention, by any suitable means, such as through chemical means (i.e., bonding of the 
polymer molecules to each other, or to intermediate agents), or physical means (e.g., through 
steric interactions or physical processes, especially where molecules are chosen that possess 
appropriate physical structure). Preferably, the polymer molecules are stabilized in 
configurations, for example, as previously described in reference to Fig. 2B, such that the 
polymer molecules are close enough to allow interchain electronic interactions to occur 
between nearby polymer molecules, while remaining non-aligned. 

In one set of embodiments, polymer molecules are chemically or physically 
immobilized relative to each other, within the aggregate, via a very rapid reaction. For 
example, the reaction may be a polymerization reaction, a condensation reaction, hydrogen 
bonding, Diels-Alder cycloaddition, protein-protein interaction, interactions between oligo- 
or polymeric-nucleotides, electrostatic attractions, metal ligand interactions, and/or ligand 
receptor interactions. The reaction can optionally be externally initiated, for example, 
through the use of light (i.e., photons), or a change in heat or kinetic energy. In certain 
embodiments, immobilization of the polymer molecules occurs while the polymer molecules 
are in the process of aggregating, thus preserving the structure of the aggregation in an 
intermediate state (e.g., as illustrated in Fig. 2B). This can be accomplished by measuring the 
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emissive and, optionally, conductive properties of the aggregate during the aggregation 
process, and "freezing" the aggregate in place when properties are optimized. 

In one set of embodiments, the polymers within the aggregate are immobilized 
through the use of chemical interactions. For example, the polymers may be immobilized in 
position by direct bonding of the polymer chains to each other, or by bonding the polymer 
chains to intermediate agents, such that the chains are substantially immobilized or fixed with 
respect to each other. As used herein, "bonding" refers to any type of chemical bond, for 
example, covalent bonding, ionic bonding, hydrogen bonding, van der Waals bonding, metal 
ligand bonding, dative bonding, hydrophobic interactions, and the like. The bonding 
interaction may occur spontaneously, or be externally directed, for example, through the 
application of light or a catalyst. 

In one embodiment, the polymer molecules are directly bonded to each other. Any 
suitable chemical bond may be used to join the polymer molecules. For example, in certain 
embodiments, the polymer molecules may be joined via a free radical polymerization 
reaction, a metathesis reaction, a 2+2 photocycloaddition reaction, a Diels-Alder 
cycloaddition reaction, an epoxide ring opening reaction, a condensation reaction, hydrogen 
bonding, a Diels-Alder cycloaddition reaction, a protein-protein interaction, interactions 
between nucleotides (for example, oligonucleotides or polynucleotides), an electrostatic 
interaction, a metal-ligand interaction, a ligand receptor-interaction, self-complementary 
molecular recognition, and the like. In one embodiment, the polymer molecules are 
connected in more than one location, such that the resulting polymer molecules may have a 
crosslinked network structure. 

In another embodiment, the polymer molecules are immobilized through ionic or 
charge effects. For example, interactions between positive or negative charge groups located 
on or near the polymer molecule (e.g., on side groups extending from the polymer backbone, 
or on ions associated with the polymer) may interact with other charge groups, such as other 
polymer molecules or ions within the aggregation, to immobilize the polymer molecules. 

The polymer molecules, in another embodiment, are immobilized relative to each 
other through the use of intermediate or "linking" agents. Bonding of the polymer molecules 
to the linking agent can cause the polymer molecules to be immobilized relative to each 
other. The linking agent may be present during the initial formation of the polymer 
aggregate, then be bonded to one or both polymer molecules at a certain time or under a 
specified condition, or the linking agent may be added, for example, after aggregation of the 
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polymers has occurred. The reaction may be performed, for example, to enable the resulting 
aggregation to form an aggregation as previously described. The linking agent may be any 
agent able to immobilize the polymer molecules relative to each other, for example, a 
hydrocarbon, an ion, a biological molecule, or the like. 

In another set of embodiments, the polymers are immobilized relative to each other 
through the use of physical interactions, such as physical or phase changes, or steric 
interactions. The polymer molecules may not have any direct bonding to each other (other 
than incidental molecular interactions, for example, due to thermal vibration or transient 
interactions), but interact primarily through physical means. For example, the aggregation 
may be stabilized upon a phase change such as a glass transition or a solid-solid phase change 
that alters molecular mobility. As another example, the polymer molecules of the 
aggregation may interact through steric effects. For example, the polymer molecules may 
have a geometry and a shape such that motion of the molecule is not possible without the 
molecule contacting other polymer molecules. In one embodiment, the molecule may have a 
"zigzag" or an interlocking shape, or there may be rigid side groups attached to the backbone 
of the polymer, for example, above and below the backbone plane of atoms of the polymer. 
As one example, in one set of embodiments, the adjacent polymer molecules may have side 
groups that "interlock" with each other, preventing movement; the side groups of one 
polymer molecule may fit in "spaces" between the side groups of an adjacent polymer 
molecule, preventing movement from occurring. Any rigid or shape-persistent moiety may 
be used, and the rigid or shape-persistent moiety may be attached as a side group to the 
polymer backbone, or be incorporated within the polymer backbone. As used herein, 
molecular "motion" or molecular "mobility" generally refers to the bulk motion of polymers 
relative to each other, and does not refer to the vibrational or enthalpic motion of the atoms 
comprising the polymer (i.e., background thermal or kinetic energy that is measured as the 
temperature). In some embodiments, the angles between the polymer molecules are 
substantially constant. In certain embodiments, the polymer molecules are immobilized 
within the aggregate such that the polymer molecules are "rigid," for example, such that the 
angles between the polymer molecules do not substantially change over time. 

In another embodiment two or more polymer chains may assemble into super-helix 
bundles in which the polymer chains form networks. These networks may be crosslinked to 
fix them in place, or they may be inherently robust enough to persist indefinitely. 
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In one embodiment, a polymer molecule associated with certain embodiments of the 
invention can be a substantially rigid molecule (i.e., the polymer molecule, or a portion 
thereof, such as a side group or the backbone, has a substantially rigid structure). A rigid 
molecule may stabilize the aggregate, for example, by preventing mobility of the molecules 
within the aggregate, or by preventing side groups located on the polymer molecule from 
moving with respect to the polymer molecule or nearby molecules. In some cases, rigid 
molecules may be connected to other molecules via single bonds; the rigidity of the 
molecules may sufficiently prevent motion, thus ensuring stability of the aggregate. 

The persistence or persistence length of a polymer molecule, as used herein, is a 
measure of the length over which a polymer points in the same direction as its first bond, and 
may be used to quantify the overall rigidity of the molecule or a portion thereof. The 
persistence may be, for example, greater than about 10 nm, preferably greater than about 15 
nm, and more preferably greater than about 20 nm, 25 nm, or longer. Similarly, the radius of 
gyration may also be used as a measure of the rigidity of a molecule. The radius of gyration 
may be defined in terms of the distribution of distances (in any direction) of each monomer in 
the molecule from the center of gravity of the molecule. In one set of embodiments, the 
polymer molecules may have a structure (e.g., a charge or a particular side group) that 
prevents or resists aggregation of the polymer molecules into an aligned structure. 

In one set of embodiments, the polymers may include shape-persistent molecules or 
moieties. A "shape-persistent molecule," as used herein, is a molecule with a significant 
amount of rigid structure, as is understood by those of ordinary skill in the art. In one 
embodiment, in a shape-persistent molecule, polycyclic ring structures may be interconnected 
at multiple locations, such that no ring is able to move or rotate, relative to other portions of 
the molecule. In another embodiment, in a shape-persistent molecule, no portion of the 
molecule having a combined molecular weight of at least 15 g/mol may move relative to 
other portions of the molecule via rotation about a single bond. In other embodiments of 
shape-persistent molecules, no portion of the molecule having a molecular weight of greater 
than 25, 50, or 100 g/mol can move relative to other portions of the molecule via rotation 
about a single bond. Rigid structures may be provided, for example, by aromatic rings, cyclic 
structures, cyclic aromatic structures, and the like. For example, in Fig. 9A, triptycene 90 is 
shape-persistent, with a high degree of internal-free volume. As a comparative example, a 
molecule including a cyclic structure such as a benzene ring connected to another portion of 
the molecule via only a single bond, has at least a portion of the molecule that is not shape- 
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persistent according to the embodiment in which the shape-persistent molecule would not 
allow for rotation about the substituted. Other example shape-persistent molecules may be 
found in, for example, U. S. Pat Apl. Publication No. 2002/0150697, and commonly owned 
U. S. Pat. Apl. Serial No. 09/305,379, filed May 5, 1999, both incorporated herein by 
reference. 

Many of the structures of the invention, and used in techniques of the invention, may 
belong to the class of polymers and molecules built up from iptycenes, such as structure 90 in 
Fig. 9A. Iptycenes and like molecules have previously been reported in, for example, Hart, 
"Iptycenes, Cuppendophanes and Cappedophanes," Pure and Applied Chemistry, 65(l):27-34 
(1993); or Shahlia et al, "Synthesis of Supertriptycene and Two Related Iptycenes," Journal 
of Organic Chemistry, 56:6905-6912 (1991). For example, triptycene 90 shown in FIG. 9A 
is 9,10-[r,2 ! -benzeno]-9,10-dihydroanthracerie. Iptycenes are a class of compounds based on 
this base triptycene structure, where the prefix indicates the number of separated arene 
planes. Examples of iptycenes include triptycenes (3 planes) and pentiptycenes (5 planes). 
The arene planes are fused together at the [2.2.2]bicyclooctane junctions. The arene planes 
are not limited to benzene rings; they may be any polycyclic aromatic structure. In some 
cases, one or more halogen atoms may also be substituted on the iptycene structure. 

Various embodiments of the invention involve use of molecules comprising an 
iptycene, such as a triptycene. It is to be understood that structures comprising an iptycene 
can include oligomers, polymers, and monomers. Polymers or oligomers comprising an 
iptycene can include those having a non-iptycene backbone with iptycene pendent groups or 
those having iptycenes that form part of the backbone. As an example of the latter class, a 
polymer can be made up of monomer iptycene building blocks that together form a ladder 
polymer. 

Shape-persistent molecules may be considered to have a length, width, and thickness. 
These dimensions may be considered to span an imaginary box in which the molecule, as 
defined by its van der Waals volume, may rest. The molecule may be positioned within the 
box, in relation to a set of x, y, and z axes, such that the shortest axis in the arrangement 
defines the molecule's thickness. The minimum thickness of a planar shape-persistent 
molecule may be defined as the distance between the portions of the molecule located above 
and below a plane within which the molecule can be defined (or which can be contained 
completely within the molecule), for example a plane defined by the carbon nuclei of 
benzene ring. For example, in a benzene ring, the van der Waals radii for the carbon atoms is 
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about ±0.19 nm. A second example is a molecule such as [2.2.2]bicyclooctane, where the 
thickness of the molecule would be measured from the van der Waals dontacts of the outer 
hydrogen atoms, about 0.554 nm. 

The polymer molecules utilized according to certain embodiments of the invention 
may have a minimum height or length that is able to prevent motion within the aggregation, 
due to their rigidity or structure. The minimum height or length of the molecule may be due 
to the backbone or a side group. In one set of embodiments of the invention, the polymer 
molecules have a minimum height or length of approximately 0.6214 nm, a value based on 
the distance between the van der Waals contacts of the 1 and 4 hydrogen atoms of a benzene 
ring. In one set of embodiments, polymer molecules of the invention include bridgehead 
atoms and the minimum distance that a molecule may extend in height or length from a 
bridgehead is 0.35 nm. In other embodiments, the minimum distance that a molecule may 
extend in height or length from a bridgehead is 0.40 nm, 0.45 nm, 0.50 nm, 0.55 nm, 0.60 
nm, or 0.62 nm. Each bridgehead may be any suitable atom, for example, a carbon or a 
nitrogen atom. By way of illustration, molecules 210 and 215 in FIG. 9B would not meet the 
requirement of a height or length of approximately 0.6214 nm. Molecule 210 has a height of 
about 0.326 nm, as measured from the plane of the benzene ring to the uppermost hydrogen 
atoms, or a height of about 0.250 nm, as measured from the hydrogen atom attached to 
bridgehead 220. Molecule 215 has a height of about 0.229 nm, as measured from the plane 
of the benzene ring to the oxygen atom, or a height of about 0.213 nm, as measured from the 
hydrogen atom attached to bridgehead 220. In some embodiments, the length of the molecule 
may be at least twice the height of the molecule. The longer dimension may lie on a two- 
dimensional plane normal to that height. Other three-dimensional structures may also be 
built up from these two-dimensional structures. 

In one set of embodiments, "bulky" groups may be used to prevent molecular motion. 
In some embodiments, the bulky group may have a smallest dimension of no less than about 
0.25 nm. In other embodiments, the smallest dimension can be no less than about 0.30 nm, 
0.35 nm, 0.40 nm, 0.45 nm, 0.50 nm, or 0.60 nm. The bulky groups can be located anywhere 
within the polymer. For example, the bulky groups may be adjacent to or be part of the 
backbone of the polymer. The bulky groups may also be attached to the polymer chain 
through the use of pendant groups connected to the backbone of the polymer, or ; be randomly 
distributed within the polymer. In some cases, the bulky groups can include delocalized pi- 
orbital structures, such as double bonds, triple bonds, benzene moieties, anthracenes, 
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pyridines, carbazoles, or the like. In certain embodiments, the bulky groups consist of several 
benzene rings, interlocking in a bicyclic or a tricyclic structure, for example, as in a 
triptycene, a pentiptycene, or a propellane moiety. The iptycene moiety and related 
molecular structures generally have a [2.2.2]bicyclic ring system, formed from the 
intersection of geometric planes, for example, as defined by aromatic rings fused with the 
[2.2.2]bicyclic ring system ("arene planes"). The aromatic rings on each of the branches of 
the [2.2.2]bicyclic ring system, may be connected to, for example, another [2.2.2]bicyclic 
ring system, or another structure. 

In some embodiments, networks of rigid polymer molecules of the invention may 
form an interlocking "grid" structure for aggregation stabilization with or without additional 
chemical bonding between molecules defining the aggregation. The grid may be a rigid grid 
or a flexible grid, depending on the interactions each polymer molecule has with its 
neighbors. For example, as illustrated in Fig. 2f, a series of polymer molecules may interlock 
with each other (for example, chemically or physically) to form a substantially planar array of 
polymer molecules. Each "plane" of polymer molecules may interact with other substantially 
planar arrays of polymer molecules to form a 3-dimensional matrix of polymer molecules. 
As previously mentioned, in some embodiments, the polymer molecules may be non-aligned 
with respect to each other; for example, the polymer molecules may be oriented at an angle 
relative to each other. A 3-dimensional matrix of these molecules may thus have a series of 
planes, each positioned at an angle with each other, as illustrated in Fig. 2f. 

In one embodiment, a polymer molecule may comprise a formula: 




where n is at least 1 . At least one of A and C may be a steric or a bulky group that may 
interlock or sterically interact with nearby molecules and prevent rotation. A and C may be, 
for example, space-filling, shape-persistent, rigid, or bulky groups. In some cases, at least 
one of A or C may comprise an aromatic group, or an iptycene group such as a triptycene. B 
and D can each be of any length, and may include, for example, delocalized pi-orbital 
structures such as double bonds or triple bonds. 

In one set of embodiments of the present invention, compositions of the invention 
comprising iptycenes are provided that may have average molecular weights greater than 2 
kDa, preferably greater than 2.5 kDa, and more preferably greater than 3, 4, 5 or 6 kDa (a 
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"kilodalton" or "kDa" is 1000 g/mol). The materials may be soluble in common solvents, for 
example, water, chloroform, carbon dioxide, toluene, benzene, hexane, dichloromethane, 
tetrahydrofuran, ethanol, acetone, or acetonitrile. The materials may be soluble in a least one 
of the solvents, or at least two or three of any of these solvents. "Soluble" in this context 
means soluble at greater than 0.5 mg/ml, preferably greater than 1 mg/ml, more preferably 
greater than 5 mg/ml, and more preferably still greater than 10 mg/ml. 

One structural feature of one set of embodiments of certain iptycenes of the invention, 
is that the [2.2.2]bicyclic ring system forms the intersections of planes defined by aromatic 
rings. 

Another class of molecules of certain embodiments of the invention are those 
molecules that include a [2.2.2]bicyclic ring system, with each branch of the system 
connecting to cyclic aromatics. Each of the bridgeheads in these molecules may be 
connected to three cyclic aromatics, and at least one of the cyclic aromatics may be connected 
to another [2.2.2] bridgehead-pair of center, or may be fused to another aromatic system (i.e. 
shares at least one bond in common with another aromatic system). 

In some embodiments, at least two of the cyclic aromatics emanating from the central 
[2.2.2]system may be fused to another aromatic system or connected to another [2.2.2]center, 
and in other embodiments, all three cyclic aromatics may be fused to other aromatic systems 
or connected to a bridgehead center. 

Additional structures of the polymer molecules of certain embodiments of the 
invention are illustrated in Figs. 10 and 12. In one embodiment, polymers may comprise 
monomers having one or more bicyclic ring systems (e.g., a [2.2.2]bicyclic ring system, a 
[2.2.3], a [2.1.1], a [2.2.1] system, or the like), which may be unsubstituted or substituted in 
some cases. The bicyclic ring systems may further include olefins, aliphatic or aromatic 
groups, heterocyclic compounds, or the like. As one example, Fig. 10A shows certain 
polymer structures, where W represents an olefin, an aromatic group, a heterocyclic 
compound, an unsaturated cyclic compound, or the like; Y represents an olefin, acetylene, or 
an aromatic group; A and J independently represent CHfe, CR2, CH2-CH2, 0, NR, an 
aromatic group, or an alkene (A1/A2 and J1/J2 are also independently selected); R represents 
any organic fragment or hydrogen; and n and m are integers representing the number of 
monomer or submonomer units, respectively, that may be independently selected. Any of 
these groups may be chiral or non-chiral moieties. Examples of the compounds described in 
Fig. 10A are illustrated in 10B. In these figures, Z represents O, S, or NR; other 
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abbreviations are the same as in Fig. 10A. As with Fig. 10A, all of these groups may be 
independently varied, and any of the groups may be chiral. Examples of chiral groups that 
may be attached to any of the embodiments of the invention (including those of Figs. 10A 
and 10B) are illustrated in Fig. IOC. Of course, the chiral groups are not limited to those 
shown in Fig. 10C; other chiral groups include, by way of example, carbohydrates, 
oligonucleotides, peptides, or amino acids. As one example, in Fig. 12, structure 120 has a 
steric interaction between groups A and B (for example, between R on ring A and ring B), 
causing the monomer to adopt a nonplanar configuration. 

In one set of embodiments, the polymer may include formulas such as, for example 
[W] n> [AW] n , or [AWB] n , where A and/or B represent bicyclic moieties, W represents a cyclic 
moiety or a substituted cyclic moiety (comprising any number of molecules in a ring, for 
example a ring of 5 or 6 atoms), and A and W, and, optionally, B and W, are fused. In 
certain embodiments, W represents a substituted benzene, or a heterocyclic ring such as 
thiophene ring. 

The substituents may be any substituent able to maintain the bicyclic nature of the 
ring system, and, in certain cases, able to maintain the rigidity or the conductivity of the 
polymer. The substituents on the cyclic compound may be any suitable substituent. The 
substituents may be located anywhere within the ring systems, and may include, for example, 
hydrocarbons (including alipahatic or cyclic hydrocarbons), substituted hydrocarbons (e.g., 
with halogens, nitrogens, oxygens, etc.), or the like. Examples of substituents include O, NR, 
S, an aromatic group, an alkene (e.g., CR=CR), CR2, CR2-CR2, or the like. (As used herein, 
R represents a generic substituent, as understood by those of ordinary skill in the art, R may 
include, for example, hydrocarbons, nitrogen compounds, halogens, oxygenated compounds, 
hydrogen atoms, or the like.) 

Rigid aromatic groups attached though a single bond to the polymer backbone may be 
used to create aggregates having non-aligned backbones. As shown in Figure 12, an R group 
placed on aromatic ring A on structure 120 in such a way as to create steric hindrance, for 
example, by positioning A directly adjacent to the point of connection to aromatic ring B, 
may be used to create a three dimensional structure having steric interactions that prevent a 
planar structure. 

Three-dimensional chiral groups (for example, as shown in structure 121) may also 
produce the necessary structural requirement for forming a electronically communicative 
emissive aggregate. In this case, it may not be necessary to restrict the rotation of the 
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pendant group with respect to the polymer backbone; the rigid shape persistent nature of the 
pendant group may be sufficient to produce a non-aligned aggregate structure. 

As used herein, the term "polymer" is given its ordinary meaning in the art. A 
polymer is generally composed of one or more monomers or "repeat units," which are 
chemically bonded together in some fashion. In one set of embodiments, the polymer is 
constructed to allow extended electronic interactions along the polymer, preferably along the 
backbone of the polymer. The electronic interactions may allow excitons or electrons to be 
transmitted along the polymer. For example, the polymer may have double bonds, triple 
bonds, benzene rings, naphthalene rings, anthracene rings, triphenylenes, thiophenes, 
fluorenes, pyridines, carbazoles, or other structures that allow excitons or electrons to be 
transmitted along the polymer. Other systems having similar arrangements of atoms to 
produce delocalized pi-bonds are also within the scope of the invention, as well as moieties 
containing delocalized pi structures having additional substituents, such as oxygen, sulfur, 
silicon, germanium, nitrogen, a halogen, or the like. For example, nitrogen atoms may be 
substituted for carbon atoms within a delocalized pi structure, such as in pyridines and similar 
compounds. In one set of embodiments, the polymer is constructed such that electronic 
interactions extend at least 2 monomer units from their source. In other embodiments, the 
electronic interactions may extend at least 5 units, at least 10 units, at least 100 units, at least 
500 units, at least 1000 units, and, in some cases, throughout the entire backbone of the 
polymer. 

Of course, the polymer is not limited solely to carbon compounds, but also to 
polymers containing other elements that are able to polymerize, for example, but not limited 
to, nitrogen, boron, silicon, or germanium. For example, the polymer backbone may consist 
of only silicon or germanium atoms, or the polymer backbone may include a combination of 
several elements, for example, carbon and silicon atoms. In some embodiments, the 
backbone may be conductive; in other embodiments, however, the backbone may be 
semiconductive; in yet other embodiments, the polymer may be photoconductive. For 
example, a spectral comparison of one of the monomer units to the polymer molecule may 
demonstrate a change in the energy gap between the highest filled molecular or electronic 
orbital and the lowest unfilled molecular or electronic orbital of the monomer may be greater 
than about 0.1 eV, greater than about 0.5 eV, or greater than about 1 eV. In some 
embodiments, the energy gap may be less than about 5 eV, less than about 3 eV, or less than 
about 2 eV, or less than 1 eV. By choice of the polymer structure the energy gap may be 
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tuned to match the ultraviolet, the visible, and infrared regions of the electromagnetic 
spectrum.. 

Any number of monomers may be combined to form the polymer molecule. For 
example, the polymer may be formed from at least 7 monomers, at least 10 monomers, at 
least 15 monomers, at least 50 monomers, at least 100 monomers, at least 300 monomers, or 
more. The resulting polymer molecular may have a molecular weight of at least 7 kDa, at 
least 12 kDa, at least 20 kDa, at least 60 kDa, or at least 100 kDa or more. Additionally, th& 
polymer molecules may all have similar molecular weights or sizes (i.e., the polymers may 
have a small polydispersity), or the polymer molecules may vary in size or molecular weight 
(i.e., a large polydispersity). 

In some embodiments, the aggregations of the invention are thermodynamically 
stable. In particular, the aggregations of the invention are not in a metastable state, for 
example, which could be altered upon heating or contact with certain solvents such as 
methanol, or which could relax to form another structure, such as an amorphous arrangement. 
In the absence of solvent, the aggregates remain unchanged, for example, as indicated by a 
change in quantum yield of no greater than 5% and a change in wavelength of the unique 
absorption of no more than 5%. In one embodiment, the aggregate is stable in the absence of 
solvent at 50 °C for at least a minute in air, preferably at least a day, more preferably at least 
30 days, and still more preferably for at least 90 days or even longer. The aggregates may 
exhibit greater stability at room temperature, for example, being stable for at least about 180 
days. The aggregate may also be stable at higher temperatures, for example, at 75 °C or 100 
°C, for similar periods of time. 

More than two polymer molecules may be assembled together to form a stable 
aggregate in certain cases. The stable aggregation of molecules may thus extend over a 3- 
dimensional lattice or grid structure. In some embodiments, the aggregation may have a 
chiral structure. 

The aggregation of polymer molecules may produce a different spectra than does a 
solution e.g., as illustrated in Fig. 2a) or an aligned configuration (e.g., Fig. 2c). The 
polymer molecules in solution may not have substantially overlapping electronic 
derealization, while the aligned polymer molecules may have substantial quenching. In the 
configurations of the invention that maximize electronic derealization while minimizing 
quenching by adjacent molecules, the resulting spectra may exhibit a shift or a change in the 
spectra, for example, by the appearance of a second peak as seen in Fig. 1. This change in 
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the spectra corresponding to a change in the overall configuration of the polymer molecule 
(e.g., whether in solution or crystallized) may be due to the difference in the localized 
environment of the polymer molecule, for example, due to the effects of nearby molecules or 
ions on the local polymer environment. The spectra in Fig. 1 illustrates circular dichroism, 
absorption, and fluorescent spectra of a polymer which forms a transient configurationally 
chiral aggregate; these transient aggregates may be stabilized using methods of the invention, 
for example, as the spectra in Fig. 3 indicates. The shifts in the spectra are a combination of 
intramolecular electronic interactions wherein the aggregation produces a more planar 
conjugated structure and intermolecular interactions wherein the electronic interactions 
extend between polymer chains. 

The aggregates may be prepared in any suitable form. The aggregates may be 
prepared from a solution, for example, by the addition of a nonsolvent (an example would be 
to add a highly polar solvent such as methanol to a solution of a non-polar polymer in 
chloroform), or the removal of a solvent (for example, through lyophilization). In one 
embodiment, the aggregates may be prepared as a film. In another embodiment, the 
aggregates may be prepared as a nanoparticle, a structured nanoparticle, a colloidal particle, 
or the aggregates may remain in a solution or a suspension. 

In one embodiment, the invention provides a sensor. As used herein, a "sensor" refers 
to any device or article capable of detecting an "analyte," i.e. any chemical, biochemical, or 
biological entity (e.g. a molecule) to be analyzed. The sensor may have high specificity for 
the analyte. In one embodiment, a binding site for the analyte can be immobilized with 
respect to the aggregation (e.g. chemically bonded or otherwise linked), and positioned in 
close enough proximity physically, or within sufficient electronic or inductive 
communication range, such that interaction of the analyte with the binding site causes a 
detectable change in the aggregation. The binding site may comprise a biological or a 
chemical molecule able to bind to another biological or chemical molecule in a medium, e.g. 
in solution. For example, the binding site may include a chemical receptor able to bind to an 
explosive molecule such as trinitrotoluene (TNT), such as may be present within a land mine. 
Reactive functionality may be inserted into the material that can be used to detect the 
presence of a reactive chemical such as an enzyme or a chemical warfare agent (e.g., a nerve 
gas). The receptor unit may also be designed to bind to a biological molecule, such as, for 
example, DNA, proteins, carbohydrates, a virus, a cell, bacteria, anions, cations, or gases. In 
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some cases, the sensors may be used in applications such as drug discovery, the isolation or 
purification of certain compounds, or high-throughput screening techniques. 

In another set of embodiments, the sensor is a chirality sensor. The ability to 
discriminate between different mirror image isomers (see, for example, Figure 5) may be 
used for the detection of the enantiomeric excess of any chiral compound, for example, 
different amine-containing drugs, or various intermediates. One example of a chirality sensor 
is as follows. Aggregates having different chiralities (for example, two aggregates having 
similar molecular arrangements, but opposite chiralities) may be used to bind an analyte, the 
chirality or "enantiomeric excess" ("ee") of which is to be determined. Differences in the 
amount of binding of the two enantiomeric analytes to each type of aggregate may be 
determined, for example, by electronic means, or by the emission of light from each 
aggregate. These differences may then be used to determine the chirality of the analyte or 
analyte solution. 

In one embodiment, an enantiomeric sensor able to quantify the enantiomeric excess 
("ee") of a sample may be made by preparing two polymeric films (or other polymeric 
entities) having opposite chiralities, utilizing various techniques of the invention. A sample 
having an unknown ee may be contacted with the sensor. The binding rates between the 
sample and each of the chiral films may be measured (for example, electrically or optically), 
and used to calculate the relative binding rates to each film. For example, the binding rates to 
each film may be determined during competitive inhibition with a quenching agent (as one 
example, an amine may be readily reacted with 2,4-dinitrofluorobenzene to produce a 
quenching agent). The differences in binding rates may then be correlated to the ee of the 
sample. This determination may be performed, in some cases, without requiring a certain 
specificity of the sample to the sensor, or the separation or isolation of the sample into its 
enantiomeric components before measurement and quantification. 

The invention can also be used in a light-sensitive or light-activated device or sensor, 
such as a photodetector or a photovoltaic device. Incident light can, for example, interact 
with a polymer molecule of the invention through a chromophore or an activation site. The 
exciton produced by such an interaction may then be transmitted, amplified, and/or detected 
by any suitable means (e.g., through electronic or photonic means), depending on the 
application. For example, energy may be collected by the activation site in the form of an 
exciton (e.g., a hole-electron pair), which then migrates to a separation site or a detection site, 
for example, to store charge or indicate the absorption of a photon. In one embodiment, an 
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exciton in a polymer aggregate may act as an electron donor. Upon diffusion of the exciton 
to an interface with an acceptor (for example, titanium dioxide, a semiconductor, a 
polymer/molecular composition capable of accepting an electron, or an electron acceptor in 
liquid electrolyte), the polymer may transfer an electron to the acceptor, serving as an 
effective hole transport medium. In another embodiment, the polymer may be an electron 
acceptor. Upon diffusion of the exciton to an interface with a donor (for example, metal 
electrode, semiconductor, a polymer/molecular composition capable of donating an electron, 
or an electron donor in liquid electrolyte), an electron may be transferred to the polymer. 

In one embodiment, the invention is used in an organic light-emitting device 
("OLED"). In some cases, the OLED may be able to produce polarized light (e.g., circularly 
polarized light), which may be due to the chirality of the aggregates. The OLED's, in 
particular embodiments, may comprise one or more stable aggregates of polymers, in contrast 
to certain other OLED devices where the polymers are generally kept separate. Certain 
polymer aggregates of the invention may be designed to be excellent conductors of cations 
(holes) or anions (electrons) or both. The fluorescence efficiency of the aggregates may 
allow excitons formed by the condensation of electrons and/or holes to produce a bright 
display in an emitting device. OLEDs comprising polymer aggregates, in certain 
embodiments, may be used in conjunction with phosphorescent emitters to further improve 
emission efficiency. 

In another set of embodiments, the invention is used in a device having improved 
conductivity, for example, as in a wire or an electrical device. The device may conduct, for 
example, electrons or holes. 

A series of simple screening tests may be used to determine molecules that are good 
candidates for success in the present invention. For example, in one set of screening tests, the 
molecular weight of the polymer molecule should be greater than 7000 g/mol, or the number 
of monomers should be at least 7. The fluorescence quantum yield of the candidate molecule 
can also be quantitatively determined; the quantum yield should preferably be at least 2%. 
In another screening test, the conductivity of the polymer may be determined. Candidate 
polymers having conductivities that are in the range of conductive or semiconductive 
materials will be desired. Another set of screening tests involves determining the change in 
gap between the highest filled molecular or electronic orbital and the lowest unfilled 
molecular or electronic orbital of the monomer and the resulting polymer. A change of 
energy of at least about 0.1 eV between the two structures is preferable in certain cases. 
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In some embodiments, screening tests of the ability of the polymer molecule to 
aggregate may be conducted by casting a film from the polymer molecule solution. Films 
that have measurable fluorescence may be good candidates. In certain embodiments, the 
screening test may be conducted by activating polymerization at predetermined times during 
the casting process (for example, using photopolymerization chemistries or polymer 
molecules with various bulky side groups). By stopping aggregation at various times during 
the casting process, films that have some fluorescence may be observed, which may indicate 
good candidates for success in the present invention. In certain embodiments, the 
fluorescence spectra of the resulting film may be obtained and compared to the fluorescence 
spectra of unaggregated polymer. A differing pattern of absorption, or a red-shift in the 
absorption spectra, may indicate a good polymer candidate. 

In another set of screening tests, the film may be cast and placed in various external 
environments that may be used to determine the stability of the aggregates. For example, the 
film may be exposed to air at 50 °C for 1 minute or 1 hour. Other temperatures, such as 60 °C 
or 80 °C, may also be studied. Films that remain reasonably fluorescent after exposure to the 
external environment for the set time period may indicate good polymer candidates. 

The function and advantage of these and other embodiments of the present invention 
will be more fully understood from the examples below. The following examples are 
intended to illustrate the benefits of the present invention, but do not exemplify the full scope 
of the invention. 

Example 1 

This example illustrates the electronic spectra of para(phenyi-ethynylene)s deduced 
through studying ordering and phase transitions in Langmuir films that allowed for a 
deconvolution of the effects of backbone planarization (conjugation length) and interpolymer 
interactions (aggregation). Structures such as polymer 1 in Fig. 7 were initially investigated 
to determine their ability to promote aggregation. Structure 1, in this example, contains 
chiral alkyloxy groups. Other polymers such as poly(2,5-bis[2-(5)-methylbutoxy]-l,4- 
phenylene ethynylene) have also been previously investigated. 

The addition of non-solvents to a solution of the conjugated polymer generated a 
stable solution of very small, non-scattering particles that allowed quantitative studies of the 
optical properties by avoiding the scattering, reflection, and waveguide of the emitted light 
that can complicate thin film studies. To develop a comprehensive understanding of 
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polymers containing chiral alkyloxy side chains, 58 different compositions shown in Fig. 6 
were systematically investigated. 

The molecular weight was found to be an important variable. Lower molecular 
weight materials (e.g., having a Mn<12,000) gave different results from higher molecular 
weight compounds in many instances. 

The addition of methanol (> 40%) to chloroform solutions containing polymer 1 
introduced an aggregate band at 492 nm in the UV-Vis absorption spectrum, as illustrated in 
Fig. 1 (circular dichroism (A, B), absorption (C, D), and fluorescence spectra (E, F) (2D-view 
left column, 3D-view right column), recorded in solvent/non-solvent mixtures at 25°C. In 
these graphs, 100:0 denotes 100 v/v% of chloroform and 0 v/v% of methanol, 20:80 indicates 
a solvent mixture consisting of 20 v/v% chloroform and 80 v/v% methanol, etc.). The 
fluorescence thus appeared to be strongly quenched by the aggregate. Commensurate with 
the appearance of the aggregate band at low methanol concentrations circular dichroism (CD) 
bands indicative of a chiral structural were also observed. The large CD peak at low 
methanol concentrations was apparently coincident with the aggregation band which may 
confirm that the aggregate chromophore was chiral. The other features in the CD spectrum 
appeared to point to the presence of a second chromophore at higher energy with the same 
sign in the CD. The inflection point at 454 nm was nearly the same as the absorption maxima 
of unaggregated and less conjugated segments of the polymer, suggesting an Exciton 
Coupled CD Mechanism (ECCD). The small negative CD peak at 467 nm in the composite 
spectrum at low methanol concentrations appeared to be the result of cancellation of the 
strong positive Second Cotton Effect (C.E.) from the aggregate chromophore and the 
negative First C.E. from the exciton coupled polymers. 

One significant feature of the behavior of polymer 1, as well as related structures 
illustrated in Fig. 6, was that above methanol concentrations of 50%, the CD decreased 
rapidly, while the aggregate peak continued to increase (UV-Vis). 

This effect may be understood as shown schematically in Fig. 2. Initially, a chiral 
aggregate forms with a small angle between polymer chains to give an organization 
reminiscent of a cholesteric liquid crystal. However, the polymer ultimately favors a stronger 
aggregate structure with coincident alignment of polymer chains, and the helical structure is 
lost. The resultant organization gives a low or non-existent dihedral angle (CD) between 
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polymer chains, and the fluorescence quantum yields drops to only <5% of its original value 
(0 = 0.04). 

Thus, it was found in this example, that, while structure 1 can form certain chiral 
aggregates, the aggregates may be further transformed into nonemissive stacked structures 
(cf.Figs.2A-2C). 

Example 2 

This example illustrates specific architectures that prevent aggregate chains from 
achieving a collinear structure, allowing a strongly aggregated chiral and emissive 
organization of polymers to be stabilized. Polymers 2 in Fig. 7 containing the pentiptycene 
group have previously been shown to be excellent in preventing chain aggregation in spin- 
cast films. However, the addition of methanol (30%) to solutions containing polymers 2 gave 
aggregates with significantly quenched emission (O = 0.21). This aggregate is much slower 
to assemble than polymer 1. The slower assembly may be due to polymer chains assembling 
into an interlocking structure where the polymer chains are constrained in the clefts between 
pentiptycene groups. 

An interlocking structure, as exhibited by polymer 2, may therefore stabilize chiral 
aggregates by preventing a coincidence of strongly interacting polymer chains. Studies of 
chiral analog polymer 3, as described in this example and shown in Fig. 7, confirmed the 
restricted nature of the aggregated state. Chiral analog 3 is able to form interlocking 
structures that can stabilize configurationally chiral aggregates. The structure of the CD and 
absorption spectra was found to evolve slowly over approximately five minutes. Although 
the absorption spectra display similar behavior to that of polymer 1, with fine structure, the 
CD spectra were found to be different (Fig. 3). Like polymer 1 in the aggregated state (>30% 
methanol polymer), 3 displayed two dominant contributions that were associated with the 
aggregate band at a maximum wavelength (A™ax)=460 nm and the unaggregated band at 430 
nm. However, there are significant differences between polymers 1 and 3. For example, one 
major difference is the change in shape and even sign of the CD bands upon forming the 
tightest aggregate structure in high methanol concentrations (>50%). This complication may 
be the result of the polymer chains being constrained in interlocked irregular structures, as 
shown in Fig. 2E. The position of the CD band, and the fact that the inflection point is nearly 
coincident with the maximum wavelength (A^ax) of the aggregate, may indicate an ECCD 
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that only originates from the interpolymer interaction of the planarized chromophores. 
Hence, it appears that only well-structured or planarized polymer chains were incorporated 
into the grid. Portions of the material that likely had less ordered and therefore less 
conjugated electronic structures were not incorporated into the grid-like structure, due to their 
higher steric demands that made them suitable to fit in the cleft of the polymer. The 
"solution-like" portions of the material were likely to communicate electronically poorly with 
each other and therefore gave rise to a broad CD band at 430 nm. Fig. 2 illustrates three 
stages of aggregation of polymer 1 (left column) and polymer 3 (right column). Fig. 2A and 
Fig. 2D illustrates polymers 1 and 3 dissolved in neat chloroform. Both polymers are highly 
solvated and interactions between polymer chains are absent. In Fig. 2B, aggregation of 
polymer 1 has occurred and the rigid rod PPE's form a lamella structure within each plane. 
The chiral side chains guide the polymers into a chiral macrostructure. The formation of the 
optically active macrostructure is guided by the influence of the chiral side chains. In Fig. 
2E, polymer 3 aggregates analogously to polymer 1, but due to the presence of bulking 
groups such as pentiptycenes, a slightly irregular interlocked structure may result. The 
macrostructure of polymer 3 is shown in a two-layer graphic for reasons of simplification and 
clarity. In Fig. 2C, the initial chiral macrostructure of polymer 1 has been "untwisted " 
driven by the desire to maximize pi-pi stacking in the edge-on conformation. The dihedral 
angle assumes a very small value, affording a very weak dichroic signal and low fluorescence 
quantum yield. In Fig. 2F, polymer 3 self-assembles into a tighter structure by incorporating 
the polymer into the clefts of the pentiptycenes. Since the "untwisting" motion observed in 
polymer 1 is hindered, polymer 3 is able to maintain its optical active structure and its high 
fluorescence quantum yield. The small inset illustrates the anticipated chiral grid-like 
structure. 

The CD signal and the aggregate band in the absorption spectrum were both 
consistent with interpolymer electronic interactions. However, as shown in Fig. 3, polymer 3 
maintained the majority of its fluorescence intensity with aggregation (<£ = 0.61). Also 
shown in Fig. 3, are circular dichroism, absorption, and fluorescence spectra (2D-view left 
column, 3D-view right column) of J?-3, recorded in solvent/non-solvent mixtures at 25°C 
(100:0 denotes 100 v/v% of chloroform and 0 v/v% of methanol, 20:80 indicates a solvent 
mixtures consisting of 20 v/v% chloroform and 80 v/v% methanol, etc.) The CD did not 
diminish at high methanol concentrations, and upon initial aggregation, the intensity was 
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slightly lower than the more highly aggregated form. Control experiments utilizing the 
enantiomer of polymer 3 yielded UV-Vis and fluorescence spectra of identical shape and 
intensity, and a CD spectrum that differs only in the signs of the Cotton Effects (data not 
shown). Furthermore, a solution containing 50% («S)-3 or (i?)-3 displayed absorption spectra 
qualitatively similar to pure solutions of (5)-3 or (if)-3, but no CD signals. Consistent with 
chirality being a critical element to maintain a high quantum yield, this aggregate maintained 
a fluorescence intensity (O) of only 0.3 that of the solution values. Thus, higher symmetry 
aggregates present in the 50:50 mixture of enantiomeric polymers were likely responsible for 
these effects, because the long-range dipole-dipole interactions responsible for the excitonic 
coupling were extended beyond nearest neighbors. 

Thus, in this example, it was shown that, while polymer 2 may form non-chiral 
aggregates with lower quantum yields, polymer 3 is able to display stable chiral aggregates 
and high quantum yields when aggregated. 

Example 3 

This example illustrates the advantages of a 3 -dimensional structure for the design of 
opto-electric devices. The performance of polymer 3 as a self-amplifying sensory polymer 
was investigated under solution and solid state conditions by means of Stern-Volmer 
quenching experiments (Fig. 4, including non-aggregated (II) and aggregated forms (I), in 
solutions at (a) Optical Density (OD) = 0.09 and (b) in films of OD - 0.03). In solution, fully 
aggregated structures of 3 displayed a 15-fold steeper quenching slope toward explosives 
dinitrotoluene (DNT) and trinitrotoluene (TNT) than non-aggregated forms of polymer 3. In 
solid-state experiments, polymer 3 was compared to polymer 2, a material with a self- 
amplified sensory due to efficient transport that may enable sensors to be constructed with 
femtogram detection capabilities. Polymer 2 exhibited its best performance when spin-coated 
from non-aggregated solutions, giving films of non-interacting chains. Films of polymer 2 
were compared with films spin-coated from aggregated solutions of polymer 3 (55:45 
chloroform:methanol). Both films were uniform and of identical optical density. Upon 
exposure to static 5-10 ppb vapors of TNT, polymer 3 displayed a Stern-Volmer plot that was 
about 4 times steeper than that of polymer 2. Additionally, thin films of polymer 3 (optical 
density (OD) = 0.04) exhibit a quenching response of -75% in 10 seconds. This observation 
may be due to the improved diffusion length of excitons in three-dimensionally coupled 
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chiral grids of polymer 2. Recent work has suggested that strong electronic coupling may 
provide efficient exciton transport, and hence the excitonic coupling may enhance the 
interchain transport. Furthermore, the highly organized aggregate may extend the 
conjugations length of the polymer, resulting in an enhancement exciton of transport. 
Conducting studies as a function of film thickness have ruled out that the sensitivity 
enhancement is due to a higher partitioning of TNT to polymer 3 as compared to polymer 2. 
Due to limited exciton transfer between polymer chains, which limited exciton diffusion, 
polymer 2 displayed a dramatic 45% decrease in sensitivity in thicker films (OD = 0.3) 
relative to thinner films (OD = 0.04). In contrast, polymer 3 displayed only a 10% decrease 
in quenching sensitivity in thick films (OD = 0.2) relative to thin films (OD = 0.02). 

Films of (jR)-3 also had excellent chiral recognition properties. Exposure to 
methanolic solutions of (S)- and (J?)- (2,4-dinitro-phenyl)-(l-naphthalen-l-yl-ethyl)-amine 
afforded enantioselective quenching (Fig. 5), where one enantiomer shows selectivity for 
quenching of one chiral molecule over its enantiomer. Employing (S)-3 gave the opposite 
result. Figure 5 shows fluorescence spectra illustrating the impact of (5)- and (R)-(2,4- 
dinitrophenyl)-(l-naphthalen-l-yl-ethyl)-amine on the fluorescence output of a film of (R)-3. 
The fluorescence of pristine films of (R)-3 (black line) is quenched more strongly upon 
exposure to (5)-(2,4-Dinitro-phenyl)-(l-naphthalen-l-yl-ethyl)-amine (10) than to (i?)-(2,4- 
Dinitro-phenyl)-(l-naphthalen-l-yl-ethyl)-amine (1 1). 

Example 4 

This example illustrates an embodiment of the invention as used in an enantiomeric 
sensor. In this embodiment, a sensor having two enantiomeric polymer aggregates R and S 
with opposite chiralities is used to determine the enantiomeric excess of compound Q. 

Compound Q is exposed to the two enantiomeric plates R and S. If kqi represents the 
quenching constant of enantiomer of Qi with polymer aggregate R, and kq 2 represents the 
quenching constant of enantiomer Q 2 with polymer aggregate R, then the following equations 
can be used to determine the enantiomeric excess: 

Decrease in fluorescence intensity of aggregate R by enantiomer Qi= (kqi)(concentration of 
Q0 

Decrease in fluorescence intensity of aggregate S by enantiomer Qi= (kq 2 )(concentration of 
QO 
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Decrease in fluorescence intensity of aggregate R by enantiomer Cb= (kq 2 )(concentration of 

QO 

Decrease in fluorescence intensity of aggregate S by enantiomer Q 2 = (kqO(concentration of 
QO 

The difference in the amount of quenching between the enantiomeric polymer aggregates can 
then be used to determine the enantiomeric excess. Thus, for example, if the degrees of 
quenching on the enantiomeric polymer aggregates are substantially equal, then the 
enantiomeric excess of Q is 0 (i.e., if Q is symmetrical, or if Q is a racemic mixture). These 
binding determinations may be performed, in some cases, without requiring specificity 
between Q and the sensor, or the separation or isolation of Q into enantiomeric components 
before the determination of the enantiomeric excess. 



While several embodiments of the invention have been described and illustrated 
herein, those of ordinary skill in the art will readily envision a variety of other means and 
structures for performing the functions and/or obtaining the results or advantages described 
herein, and each of such variations or modifications is deemed to be within the scope of the 
present invention. More generally, those skilled in the art would readily appreciate that all 
parameters, dimensions, materials, and configurations described herein are meant to be 
exemplary and that actual parameters, dimensions, materials, and configurations will depend 
upon specific applications for which the teachings of the present invention are used. Those 
skilled in the art will recognize, or be able to ascertain using no more than routine 
experimentation, many equivalents to the specific embodiments of the invention described 
herein. It is, therefore, to be understood that the foregoing embodiments are presented by 
way of example only and that, within the scope of the appended claims and equivalents 
thereto, the invention may be practiced otherwise than as specifically described. The present 
invention is directed to each individual feature, system, material and/or method described 
herein. In addition, any combination of two or more such features, systems, materials and/or 
methods, if such features, systems, materials and/or methods are not mutually inconsistent, is 
included within the scope of the present invention. 

In the claims (as well as in the specification above), all transitional phrases such as 
"comprising," "including," "carrying," "having," "containing," "involving," and the like are 
to be understood to be open-ended, i.e. to mean including but not limited to. Only the 



WO 2004/007634 



PCT/US2003/022702 



-30- 

transitional phrases "consisting of and "consisting essentially of shall be closed or semi- 
closed transitional phrases, respectively. 



What is claimed is: 
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CLAEMS 

1 . An aggregate composition comprising: 

a plurality of polymer molecules, each polymer molecule, prior to aggregation, 
comprising at least 7 monomer units or having a molecular weight of at least 7000 
g/mol, having a fluorescence quantum yield of at least 2%, being electrically 
conductive or semiconductive, and having electrical properties such that electronic 
interactions extend at least 2 monomer units from their source such that a spectral 
comparison of one of the monomer units to the polymer molecule comprising such 
unit demonstrates a change in gap between the highest filled molecular or electronic 
orbital and the lowest unfilled molecular or electronic orbital of the monomer unit 
versus the polymer molecule of at least 0.1 eV, 

the aggregate comprising the polymer molecules arranged in a non-aligned, 
electronically-communicative manner providing a fluorescence quantum yield for the 
aggregate at least 0.05 times that of the individual quantum yields of the polymer 
molecules, an absorption spectrum having a unique, red-shifted absorption relative to 
an absorption spectrum of a random dispersion of the polymer molecules, and being 
stable in the absence of solvent for at least one minute in air at no less than 50 degrees 
Celsius, as indicated by a change in quantum yield of no greater than 5% and a 
change in wavelength of the unique absorption of no more than 5%. 

2. The aggregate composition of claim 1, wherein the polymer molecules are arranged in 
a manner providing a fluorescence quantum yield for the aggregate at least 0.30 times 
that of the individual quantum yields of the polymer molecules. 

3. The aggregate composition of claim 1, wherein the polymer molecules are arranged in 
a manner providing a fluorescence quantum yield for the aggregate at least 0.60 times 
that of the individual quantum yields of the polymer molecules.. 

4. The aggregate composition of claim 1, wherein each polymer molecule has molecular 
weight of at least about 12000 g/mol. 
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5. The aggregate composition of claim 1, wherein each polymer molecule comprises a 
backbone chain of atoms. 

6. The aggregate composition of claim 5, wherein the backbone chain comprises an 
element selected from the group consisting of carbon, nitrogen, boron, silicon, and 
germanium. 

7. The aggregate composition of claim 5, wherein the backbone chain consists 
essentially of carbon. 

8. The aggregate composition of claim 5, wherein the backbone chain consists 
essentially of silicon. 

9. The aggregate composition of claim 5, wherein each polymer molecule has a 
persistence of at least about 15 nm. 

10. The aggregate composition of claim 1, wherein the aggregate composition is chiral. 

11. The aggregate composition of claim 1, wherein the aggregate composition is stable in 
the absence of solvent for at least one minute in air at no less than 75 deg. C. 

12. The aggregate composition of claim 1, wherein the aggregate composition is stable in 
the absence of solvent for at least one minute in air at no less than 100 deg. C. 

13. The aggregate composition of claim 1, wherein the aggregate composition is stable in 
the absence of solvent for at least about one hour in air. 

14. The aggregate composition of claim 1, wherein the aggregate composition is stable in 
the absence of solvent for at least about one day in air. 

15. The aggregate composition of claim 1, wherein the aggregate composition is stable in 
the absence of solvent for at least about seven days in air. 
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16. The aggregate composition of claim 1, wherein the aggregate composition is stable in 
the absence of solvent for at least about thirty days in air. 

17. The aggregate composition of claim 1, wherein the aggregate composition is stable in 
the absence of solvent for at least about 180 days in air. 

18. The aggregate composition of claim 1, wherein the aggregate composition is stable in 
the presence of solvent. 

19. The aggregate composition of claim 1, wherein the aggregate composition is a 
nanoparticle. 

20. The aggregate composition of claim 1, wherein the aggregate composition is a colloid. 

21. A system comprising the aggregate composition of claim 1 5 and further comprising a 
photodetector in optical communication with the aggregate. 

22. A diode comprising the aggregate composition of claim 1 . 

23. A system comprising the aggregate composition of claim 1, and further comprising an 
electrode able to collect electrons from the aggregate. 

24. A photovoltaic device constructed and arranged to convert electromagnetic energy 
into electrical energy comprising the aggregate composition of claim 1. 

25. The aggregate composition of claim 1, further comprising a binding site for a 
chemical or biological molecule. 

26. The aggregate composition of claim 1, wherein the aggregate composition is able to 
emit circularly polarized light. 

27. A sensor comprising the aggregate composition of claim 1, wherein the sensor is able 
to detect an enantiomeric excess of a molecule in solution. 
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28. The aggregate composition of claim 1, wherein at least one polymer molecule 
comprises an aromatic ring. 

29. The aggregate composition of claim 1, wherein a fused multicyclic ring structure of at 
least one polymer molecule produces a three dimensional shape by preventing 
portions of the polymer molecule from rotating. 

30. The aggregate composition of claim 1, wherein at least one polymer molecule 
comprises a feature able to prevent linearization with a second polymer molecule. 

3 1 . The aggregate composition of claim 30, wherein the feature physically prevents 
linearization. 

32. The aggregate composition of claim 31, wherein the feature comprises an iptycene 
moiety. 

33 . The aggregate composition of claim 3 1 , wherein the feature comprises a first group 
and a second group attached to the polymer molecule, the first group having a first 
fixed height above a plane containing a backbone chain of the polymer and the second 
group having a second fixed height below the plane, wherein a sum of the first fixed 
height and second fixed height is at least about 0.45 nanometers. 

34. The aggregate composition of claim 3 1, wherein the feature is chiral. 

35. The aggregate composition of claim 31, wherein the feature is shape-persistent. 

36. The aggregate composition of claim 30, wherein the feature chemically prevents 
linearization. 

37. The aggregate composition of claim 36, wherein the feature chemically immobilizes 
the at least one polymer molecule to the second polymer molecule. 
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39. 



40. 



41. 



42. 



The aggregate composition of claim 37, wherein the feature chemically immobilizes 
the at least one polymer molecule to the second polymer molecule via a reaction 
selected from the group consisting of a free radical polymerization reaction, a 
metathesis reaction, a 2+2 photocycloaddition reaction, an epoxides ring opening 
reaction, a condensation reaction, hydrogen bonding, a Diels-Alder cycloaddition 
reaction, a protein-protein interaction, an interaction between nucleotides, an 
electrostatic interaction, a metal-ligand interaction, a ligand receptor-interaction and a 
self-complementary molecular recognition. 

The aggregate composition of claim 1, wherein at least one polymer molecule 
comprises a polymer comprising a structure: 



wherein n is at least 1, A and C each comprise an aromatic group, and B and D are 
selected from the group consisting of a double bond and a triple bond. 

The aggregate composition of claim 39, wherein at least one of A and C comprises a 
halogen atom. 

The aggregate composition of claim 39, wherein at least one of A and C comprises an 
iptycene moiety. 

The aggregate composition of claim 1, wherein the aggregate composition comprises 
a crosslinked network structure . 

The aggregate composition of claim 1, wherein at least some of the polymer 
molecules are physically intertwined in superhelix bundles within the aggregate. 




44. 



The aggregate composition of claim 1, wherein at least one polymer molecule 
comprises an iptycene moiety. 
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45. The aggregate composition of claim 1, wherein the polymer molecules are ordered in 
a substantially regular arrangement. 

46. The aggregate composition of claim 45, wherein the substantially regular arrangement 
is incapable of relaxing to form an amorphous arrangement. 

47. A method comprising: 

synthesizing the aggregate composition of claim 1. 

48. The method of claim 47, wherein the aggregate composition is formed upon addition 
of a non-solvent to the polymer molecules. 

49. The aggregate composition of claim 1, wherein the fluorescence quantum yield of the 
plurality of polymer molecules is at least 5%. 

50. The aggregate composition of claim 1, wherein the fluorescence quantum yield of the 
plurality of polymer molecules is at least 20%. 

51. An organic light emitting device comprising the aggregate composition of claim 1 . 

52. A sensor comprising the aggregate composition of claim 1 . 

53 . The sensor of claim 52, wherein the sensor is a chemical sensor. 

54. The sensor of claim 52, wherein the sensor is a biological sensor. 

55. The sensor of claim 52, wherein at least one polymer molecule includes a 
chromophore, the aggregate composition being capable of emitting radiation with a 
quantum yield of at least about 0.05 times that of a quantum yield of the polymer in 
solution. 

56. An explosives sensor comprising the aggregate composition of claim 1 . 
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57. A photodetector comprising the aggregate composition of claiml . 

58. The aggregate composition of claim 1, wherein at least one polymer molecule 
comprises a polymer comprising a structure: * 

[AW]* 

wherein n is at least 1, A is a bicyclic moiety, W is a cyclic moiety, and A and W are 
fused. 

59. The aggregate composition of claim 58, wherein W comprises a structure: 

XYm, 

where m is at least 1, X is a cyclic moiety and Y is a substituent bonded to X. 

60. The aggregate composition of claim 58, wherein W is unsaturated. 

61 . The aggregate composition of claim 58, wherein W is aromatic. 

62. The aggregate composition of claim 58, wherein W is heterocyclic. 

63. The aggregate composition of claim 58, wherein W comprises a benzene ring. 

64. The aggregate composition of claim 58, wherein W is chiral. 

65. The aggregate composition of claim 59, wherein Y is chiral. 

66. The aggregate composition of claim 58, wherein A comprises a [2.2.2] bicyclic ring 
system. 

67. The aggregate composition of claim 58, wherein A comprises a [2.2.1] bicyclic ring 
system. 

68. The aggregate composition of claim 58, wherein A comprises a [2.1.1] bicyclic ring 
system. 
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69. The aggregate composition of claim 58, wherein A comprises oxygen. 

70. The aggregate composition of claim 58, wherein A comprises nitrogen. 

71. The aggregate composition of claim 1, wherein at least one polymer molecule 
comprises a polymer comprising a structure: 

[AWB] n , 

wherein n is at least 1, at least one of A and B is a bicyclic moiety, W is a cyclic 
moiety, and A and W are fused. 

72. The aggregate composition of claim 71, wherein A and B are each bicyclic moieties. 

73. The aggregate composition of claim 71, wherein A and B are independently selected. 

74. The aggregate composition of claim 71, wherein W comprises a structure: 

XY m , 

where m is at least 1, X is a cyclic moiety and Y is a substituent bonded to X. 

75. The aggregate composition of claim 71, wherein W is unsaturated. 

76. The aggregate composition of claim 71, wherein W is aromatic. 

77. The aggregate composition of claim 71, wherein W is heterocyclic. 

78. The aggregate composition of claim 71, wherein W comprises a benzene ring. 

79. The aggregate composition of claim 71, wherein W is chiral. 

80. The aggregate composition of claim 74, wherein Y is chiral. 

81. The aggregate composition of claim 71, wherein at least one of A and B comprises a 
[2.2.2] bicyclic ring system. 
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82. The aggregate composition of claim 71, wherein at least one of A and B comprises a 
[2.2.1] bicyclic ring system. 

83. The aggregate composition of claim 71, wherein at least one of A and B comprises a 
[2.1.1] bicyclic ring system. 

84. The aggregate composition of claim 71, wherein A comprises oxygen. 

85. The aggregate composition of claim 71, wherein A comprises nitrogen. 

86. The aggregate composition of claim 1, wherein at least one polymer molecule 
comprises a polymer comprising a structure: 

[W]n, 

wherein n is at least 1 and W is a cyclic moiety. 

87. The aggregate composition of claim 1, wherein W comprises a cyclopentyl ring. 

88. The aggregate composition of claim 86, wherein W comprises a structure: 

XYm, 

where m is at least 1, X is a cyclic compound and Y is a substituent bonded to X. 

89. The aggregate composition of claim 88, wherein Y comprises a benzene ring. 

90. The aggregate composition of claim 88, wherein Y comprises at least two benzene 
rings. 

9 1 . The aggregate composition of claim 86, wherein W is unsaturated. 

92. The aggregate composition of claim 86, wherein W is aromatic. 

93. The aggregate composition of claim 86, wherein W is heterocyclic. 

94. The aggregate composition of claim 86, wherein W comprises a benzene ring. 
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95. The aggregate composition of claim 86, wherein W is chiral. 

96. The aggregate composition of claim 88, wherein Y is chiral. 

97. A method for amplifying an emission, comprising: 

providing an article comprising the aggregate composition of claim 1, the 

aggregate composition comprising a polymer having an energy migration pathway 

and a chromophore; 

exposing the article to a source of energy to form an excitation energy; and 
allowing the excitation energy to travel through the migration pathway and to 

transfer to the chromophore, causing an emission that is greater than an emission 

resulting from a polymer free of an energy migration pathway. 

98. A method for amplifying an emission, comprising: 

providing an article comprising the aggregate composition of claim 1, the 

aggregate composition comprising a polymer having an energy migration pathway, 

the polymer having reduced pi-stacking; 

exposing the article to a source of energy to form an excitation energy; and 
allowing the excitation energy to travel through the migration pathway to 

cause an emission that is greater than an emission resulting from a polymer free of an 

energy migration pathway. 

99. A sensor, comprising: 

an article comprising the aggregate composition of claim 1, the aggregate 
composition comprising a polymeric composition and a chromophore, the article 
further comprising an activation site wherein the chromophore is capable of activation 
by an analyte at the activation site; and 

an energy migration pathway within the polymeric composition, wherein 
energy can be transferred between the pathway and the activation site. 
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100. A sensor comprising the aggregate composition of claim 1, wherein the aggregate 
composition is capable of emission, and wherein the emission is variable and sensitive 
to a dielectric constant of a medium surrounding the sensor. 

101 . A sensor comprising the aggregate composition of claim 1, wherein the aggregate 
composition capable of emission, and wherein the emission is variable and sensitive 
to an electric field of a medium surrounding the sensor. 

102. An amplification device, comprising: 

the aggregate composition of claim 1, the aggregate composition having an 
energy migration pathway capable of transporting an excitation energy; and 

a chromophore in electronic communication with the energy migration 
pathway, the chromophore being capable of emitting an enhanced radiation. 

103 . A polymeric composition, comprising: 

the aggregate composition of claim 1, the aggregate composition comprising a 
polymer having a conjugated pi-backbone, the pi-backbone comprising a plane of atoms, a 
first group and a second group attached to the pi-backbone, the first group having a first fixed 
height above the plane and the second group having a second fixed height below the plane 
wherein a sum of the first and second heights is at least about 4.5 A. 
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